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Outline
• Why is observing freeze/thaw state important?

• How could FRODO fill existing gaps in 
observations?

• What evidence do we have that this could 
work?
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Freeze/thaw is the on/off switch for 
these processes



International Permafrost Association

In situ observations 
are sparse
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Coarse spatial or temporal 
resolution dominates 

remote sensing
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• L-band microwave, sensitive to amount and state of water

• ‘Smooth’ surface, sub-km spatial resolution

GNSS-Reflectometry



FRODO could be a polar 
orbiting CyGNSS
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Two sources of data
TDS-1 SMAP-R

• LHCP antenna ~13 dB
• Data every 8 days since July 2014
• Polar orbiting

• H and V ~36 dB
• Data since Aug 2015
• Polar orbiting

One week One month
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Point
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Data have a ‘small’ spatial 
resolution
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Example of One Data 
Point

Data have a ‘small’ spatial 
resolution

Data have good fidelity vis-à-vis backscatter
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Changes of collocated 
reflections over time

Zf



Changes of collocated 
reflections over time



Modeled changes due to F/T
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